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Dr. J. H. Schlag & Dr. A. P. Sheppard 
May 19, 1981 
PROGRESS REPORT 
The major objective 	of 	this work is to design a versatile 
microprocessor control system for the efficient use of direct solar energy 
and biomass fuel in various agricultural applications, such as crop drying, 
methane generation, and space heating of rural structures. This year's work 
has concentrated on the basic control problem, including uncontrollable 
inputs (temperatures of ambient air and of solar-heated air), controllable 
inputs (rates of air flow of ambient air and of solar-heated air, also the 
amount of biomass-fueled heat), and desired outputs (resultant temperature 
and humidity). 
Development of the basic feedback algorithm has included the following 
parts: (1) extreme performance determinations for each mode of the system; 
e.g., given that ambient air and solar-heated air are used (no 
biomass-fueled heat), what are the maximum and minimum temperatures or 
humidities which can be produced; (2) feasible modes determination; i.e., 
given a desired output vector of temperature and humidity with a specific 
set of uncontrollable inputs, find those modes of the system which make the 
desired output possible (these may then be limited further by consideration 
of cost); (3) output prediction techniques; for stability purposes, the 
output for the present operating mode is predicted and compared with the 
desired output of the next iteration; if the difference is within a 
specified tolerance, the system is kept in its present mode and unnecessary 
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fluctuations are avoided. 
With this year's algorithmic development completed, the second year's 
work will concentrate on the physical construction of the system, the 
development of a simple computer language to be used in the system, and 
application of the system to a specific air-mixing/crop-drying problem. As 
anticipated, the third year's work will be a second application of the 
system; this will be a crop dryer with liquid storage medium for solar 
energy having auxiliary heat supplied by a biomass-fueled burner. 
PROPOSAL CHANGES 
During the first year's work, it became apparent that the specific form 
of the algorithms used in the system would affect the hardware design to the 
extent that it was more efficient to begin with a detailed developement of 
the algorithms. The actual construction of the system then will commence in 
the second year, along with development of a simple computer language and 
application of the system to the air-mixing/crop-drying problem. As 
anticipated, the third year's work will concentrate on a second application 
of the system; this will be a crop dryer with liquid storage medium for 
solar energy having auxiliary heat supplied by a biomass-fueled burner. 
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The first few months of this contract period have been spent 
in the design and construction of a single modular microprocessor 
system that can be applied to a wide variety of agricultural uses. 
When completed, this microprocessor controller will be capable of 
regulating several different kinds of energy sources: direct 
solar, with either rock or liquid storage; and biomass fuels. It 
could then regulate the application of this energy to crop drying, 
biomass distillation, and space heating. The advantages to a 
standardized control unit are ease of construction and economy of 
mass production. 
The design of this control system has been completed, and 
hardware construction is now underway. A simplified description of 
the control problem is included in this report. 
In the next quarterly period, construction of the microprocessor 
system will continue. In addition, algorithms will be developed 
interrelating the different energy sources with the various 
agricultural applications to be performed. For example, one 
algorithm will regulate the use of direct solar-heated air with 
biomass-fueled heat as auxiliary energy in the drying of peanuts 
THE CONTROL PROBLEM 
The symbols in the diagram are defined as follows: 
u l• ' (k)- at time k, the inputs to the system which are not controllable; i.e., temperatures of ambient air 
and of solar-heated air from both sources (rock-
storage and liquid-storage/heat exchanger). These 
parameters are input to the controller. 
u2' (k) - at time k, the inputs to the system which are controllable, i.e., the rates of air flow of 
ambient air and of solar-heated air from both 
sources; also the amount of biomass-fueled heat. 
L(k) : at time k, the output temperature for a given 
application (crop drying, biomass fuel generation, 
or rural heating) and possibly also humidity, if 
desired. 
"NJ 
y(k+1): for time k+1, the desired output temperature (and 
humidity). 
x(k) : the set of possible state parameters for the system; 
valve angles, burner state (off/on), etc. 
It is assumed that the system can be described by a vector 
ordinary differential equation of the form 
= Ax + B l u l + B 2 u 2 
and by a vector algebraic equation of the form 
y = Cx 
where A, B 1 , B 2 , and C are matrices. 
These equations involving continuous variables can then be 
discretized to give 
x(k+l) = Fx(k) + G 1u 1 (k) + G 2u 2 (k) 
and 
y(k+l) = Cx(k+1) 
where F , G 1,  G 2, and C are matrices. 
Given: 	x(k), u 1 (k), and'Y(k+1) 
Find: 	u2 (k) such that y(k+l) = Y(k+1) 
y(k+l) = Cx(k+1) = CliFx(k) + G 1 u 1 (k) + G 2 u 2 (k)] 
y(k+1) = CFx(k) + CG 1u 1 (k) + CG 2 u 2 (k) = 1,Y(k+1) 
• 	u 2 (k) = P 2] -1 [(k+1) - CFx(k) - CG l u l (kd 
• • 
Thus the controllable parameters u 2 are set according to the 
above dependence on y, x, and u1.-- 
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In the third quarter, work continued on the design 
of a versatile microprocessor control system for the 
efficient use of direct solar energy and biomass fuel 
in various applications; these include crop drying, 
methane generation, and sace heating of rural structures. 
Emphasis was given to algorithm development and modeling. 
Also, a general sche:datic diagram of the proposed system 
was constructed. Illusrations of these results are 
included in 'clic: following pages. 
Future work will include methods of alternating 
smoothly among the variou.. modes of the system, as well as 
tailoring the general theory to the specific applications 
of the solar/agriculture: problem. 
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SSN 239-52-5477 SSN 254-52-4258 
September 1981 
During this contract year, work was carried out on the design of a verqatile 
microprocessor control system for the efficient use of direct solar energy (with 
either rock or liquid storage)and biomass fuel in various applications; these 
include crop drying, methane generation, and space heating of rural structures. 
The control problem was defined, and emphasis was given to algorithm development 
and modeling. 
